Summary: This research was conducted to carry out technical and economic analysis of the aquaculture enterprises in Muğla as well as to determine the factors affecting sustainability in the sector. The research material is the production data of 65 enterprises from 2014-2015 years activity period. Stratified random sampling method was used for the determination of the enterprises involved in this study and the data provided by using the data collection form with face-to-face interview. The production data of the enterprises are evaluated from the technical and economical perspectives and the factors that impact the unit profit are estimated by the multiple regression model. The average fattening period (months), the rate of shrinkage and mortality (%), and the FCR (kg feed/kg fish) for Seabream and Seabass were found to be 14. 43-19.05; 10.70-14.33 and 1.84-1.98 respectively, among the enterprises. The unit cost and unit profit for the fish species in question were estimated to be 4.18 US$/kg and 4.57 US$/kg, and 1.29 US$/kg and 1.07 US$/kg, respectively. According to the estimated regression model; production type, capacity utilization rate, sales price and FCR are determined to be effective on the unit profit. It was concluded that aquaculture enterprises could achieve sustainability if; i) capacity utilisation rate was optimised; ii) dependence on foreign sources of feed and raw materials was reduced; iii) producer organisations played a more active role in the market; iv) a regulatory authority body was established to balance out prices and v) export opportunities were pursued further in foreign markets.
Introduction
The share of the aquaculture sector in the Gross Domestic Product (current prices of 2012) in Turkey is 0.2%. With a growth rate of 22.7%, the sector provides more than 250 thousand people with employment opportunities in the areas of fishing and fish-farming (16) . fishing products decreased each year as a result of unregulated fishing and reduction in natural stocks, and that the aquaculture products obtained from inland waters and seas increased considerably (17) .
Employing various production techniques in the aquatic resources in Turkey, the enterprises are predominantly engaged in trout farming in the inland waters and Seabream and Seabass production in the seas. Approximately 53% of 240,334 tons of product obtained through farming in 2015 consisted of Seabream and Seabass raised in net cages in the seas, and 55% of the sea fish production took place on the coasts of Muğla (21) .
Significant developments have occurred in aquaculture production. Particularly, the near-coastal net cages were required to be moved at least 1 km away from the coast to open and deep waters, and modern advanced technologies have been adopted (16) . Many small-scale enterprises merged and moved their cages to open seas, resulting in increased enterprise scales and production costs.
Studies in the field of economic perspective suggested that the relationship between inputs used in the production process must be well understood to ensure that enterprises are sustainable and profitable (3) , thus the enterprises should be administered by determining the alteration of production costs and from where the cost reduction can be acquired (5) . Examining aquaculture in terms of business economics benefits producers as well as policymakers during the designing of policy measures which allow improved profitability in the sector (1) . The authorities involved in this sector should better have proper knowledge of the different species and culture systems for aquaculture productivity, input cost and availability of resources, marketing demand and supply, and plausible economic decision offers on investment in aquaculture by investors (5) .
Various studies have been carried out on structural and economic analysis of Seabream and Seabass production sector in Turkey (7, 9, 10, 14, 20) . Whereas, this study is the first to analyze the cost and profitability of Seabass and Seabream production of Turkey in the literature, considering the enterprise scale and fish species difference in the aquaculture production. Muğla province region was choosen to determine the enterprise scale and the grouping of fish species and the factors that affect sector sustainability.
Materials and Methods

Data collection and determination of sample size
The research consisted of the data for the production period 2014-2015, obtained from face-to-face interviews with the aquaculture production company owners in Muğla as well as via data collection forms. The sample of the research consisted of the aquaculture enterprises engaged in offshore farming of Seabream and Seabass through modern production methods in Muğla, members of the Association of Aquaculture Producers. Taking into account the levels of production, enterprises were grouped into three strata; namely, small-scale (0-500 tons), medium-scale (501-1,000 tons) and large scale (above 1,001 tons). In the selection of the sample, Neyman Method was used to determine the sample size. Taking into account the weights of the mean and variance of each stratum, a single sample size was determined for all strata (19) .
In the Neyman Method, the total sample size was determined using the following formula:
where "n" is the sample size, "N" is the population size, "Nh" is the number of units in the stratum h, "Sh 2 " is the variance of stratum h and "D 2 " is the ratio of the square of the maximum error accepted to the square of the z value in the standard normal distribution table.
The population of the study consisted of 97 enterprises engaged in aquaculture enterprises at sea in Muğla. Through the Neyman Method, the sample size (n=55) calculated based on a confidence interval of 90% (Z=1.65) and a deviation of 10% was distributed into the strata using the formula below. The distribution is shown in Considering that there might be enterprises that discontinue production due to any reason or have irrecoverable inconsistencies and omissions in their data, a sufficient number of reserve enterprises were included into the sample, which finally consisted of 65 enterprises, 15 of them being small-scale, 24 being medium-scale and 26 being large-scale.
Data analysis
Within the scope of the profitability analysis in the research, profitability ratio, economic profitability, profitability factor and cost-to-return ratio were calculated as well (6) .
One-way ANOVA was used to compare the unit costs and unit profits on the basis of the company scales, and t-test was employed to compare the unit cost and profit on the basis of species. The factors affecting unit profit in the enterprises were estimated through the multi-linear regression analysis (11) . The purpose for using this analysis is to reveal the effect of each independent variable has on the dependent variable. In the regression analysis we performed, all independent variables were included in the model and the stepwise selection method was applied (13, 8) . Because of that the unimportant variables were not included in this model. The formula used in the multilinear regression analysis is as follows: Y = b0+ b1X1+ b2X2+ b3X3+ b4X4+……..bnXn [Equation 3] where the dependent variable Y is the unit profit of the enterprises, and the independent variables X1 is the type of production (producing only Seabream, producing only Seabass, producing both Seabream and Seabass), X2 is the capacity utilisation rates of the enterprises (%), X3 is the scale of the enterprises (small, medium and large), X4 is the unit sale price (US$/kg), X5 is the FCR (kg feed/kg fish) and X6 is the species raised (Seabream or Seabass).
Results
The data for the aquaculture enterprises in Muğla were explored for each scale, and the general and technical findings are given in Table 2 , the results of the economic analyses in Table 3 -5, the results of the regression analysis in Table 6 -7, and the findings on the rates of return in Table 8 . There is no statistically significant difference between the enterprise scales in terms of the unit cost and profit of Seabream and Seabass raised in the enterprises (P>0.05), whereas the unit cost of Seabass was found to be 0.39 US$ higher than that of Seabream (P<0.05) and the unit profit of Seabream was 0.22 US$ higher than that of Seabass (P<0.05).
In the enterprises within the scope of the research, the average unit cost of Seabream is 4.18±0.08 US$/kg, and as the scale of enterprises grows, the unit cost first decreases and then increases (P>0.05).
The average unit cost of Seabass among the enterprises is 4.57±0.06 US$/kg, and as the scale of enterprises grows, the unit cost first decreases and then increases (P>0.05).
In the enterprises covered by the study, the average unit profit from sale of Seabream is 1.29±0.08 US$/kg, and as the scale grows, the unit profit first increases and then decreases. The average unit profit from sale of Seabass is 1.07±0.06 US$/kg, and as the scale grows, the unit profit decreases.
According to the results of the regression analysis for estimating the unit profit of enterprises, no multicollinearity problem was detected between the independent variables in the model. R 2 in this study shows that, the unit profit of enterprises, the dependent variable in the model, is explained by 52% of the independent variables. The model's F value was also found to be statistically significant (P<0.001). Accordingly, the multiregression model of the factors estimating unit profit of enterprises is as follows:
It was also found that type of production (X1), capacity utilisation rate (X2), sale price (X4) and FCR (X5) had a significant effect on unit profit. According to the model, a one-unit increase in the FCR decreases the unit profit by 2.754 units, a one-unit increase in the sale price increases unit profit by 0.835 unit, a one-unit increase in the capacity utilisation rate increases unit profit by 0.031 unit, and the production of both species increases unit profit by 0.370 unit.
The average profitability ratio in the enterprises is 19.11%, whereas the profitability factor is 47.75% and the economic profitability is 15.78%. The cost-to-return ratio was calculated to be 1.291.
Discussion and Conclusion
In the aquaculture sector, enterprises need to have the necessary factors of production and use them in the right combination to bring the profits to an optimum level. In order to be able to achieve maximum benefit with minimum costs using the factors of production, the enterprises need to keep track of annual production costs regularly and on a continuous basis.
According to the results of this research, the variable costs of the offshore aquaculture enterprises are lower than those of enterprises carrying out production in net cages (7), earthen ponds (9) and of the Greek and Spanish enterprises (2) , and the fixed costs are higher.
In the enterprises within the scope of this research that raise Seabream and Seabass, the juvenile, feed and labour costs are of primary importance.
In the enterprises using net cages, feed cost has the largest share among the production inputs. While the compositions and unit prices of the feeds used for Seabream farming and Seabass farming do not differ, the share of feed cost in the total cost is higher in Seabass farming, as its term of production is longer.
The share of feed costs in the total costs of Seabream and Seabass production in net cages in Turkey is higher than that in other countries. The share of feed cost in the total costs of the enterprises farming Seabream and Seabass ranges from 47.60% to 47.90% in Greece and 38.01% to 38.10% in Spain, which are the leader countries in the sector (2) .
The feed costs incurred by the enterprises in Turkey are directly associated with the price of fish meal. Since the price of fish meal depends on exchange rates and the domestic production of fish meal is not sufficient to meet the domestic demand, the integrated companies operating in the sector rely on foreign sources to meet their demand for fish meal.
The share of juvenile fish cost in the total cost for both species increase as the scale of enterprises grow. The difference between the juvenile fish costs of the two species arises from the fact that the unit price of juvenile Seabream is somewhat higher than that of juvenile Seabass in the hatcheries.
Ertekin (4) found that the share of juvenile fish cost in total costs of farming in net cages was 12.28% for Seabream and 12.29% for Seabass. Other relevant literature findings indicate that the share of juvenile fish cost in the variable costs ranges from 6.30% to 10.43% in net cages (7) and from 8.63% to 11.67% in earthen ponds (9) .
The share of labour cost in total costs of offshore enterprises in Turkey is lower compared to the enterprises in other countries farming Seabream and Seabass. It was reported that share of labour costs in total costs of Greek enterprises ranged from 15.03% to 17.96% and the share of labour costs in total costs of Spanish enterprises ranged from 18.06% to 18.10% (2) .
In a research report on the market structure of Seabream and Seabass, it was noted that the feed, juvenile and labour costs constituted 70% of the total cost of production, and that there was no significant difference between the dominant countries in the market, excluding Turkey, for the reason that the producer countries have reached maximum efficiency in terms of the three cost items specified. It was also stated that this discrepancy in Turkey was associated with the fact that the labour costs were 1.10 EUR/kg in Italy, 0.55 EUR/kg in Greece and 0.30 EUR/kg in Turkey, which provides Turkey with an advantage in terms of exports (15) .
The higher cost of fish care in farming Seabass compared to Seabream is associated with the fact that juvenile Seabasses are subjected to sizing and counting as well as being inoculated.
Ertekin (4) noted that the share of depreciation cost and of maintenance and repair costs in the total costs of enterprises farming both species in net cages were 3.87% and 3.11%, respectively.
The higher share of depreciation and maintenance/ repair costs in the total costs in this study than the abovementioned study may be associated with the fact that the production mechanization in the explored enterprises is advanced, resulting in increased costs.
The feed conversion ratio (FCR) is one of the most common parameters used in fish farming enterprises to determine the performance levels. When evaluating the previous studies of Turkey in terms of FCR; Aegean and Mediterranean regions showed an average rate of 1.8 (kg feed/kg fish) in both sea bream and sea bass grown in cages (4), also in the Middle-North Aegean region the average rate was reported to be between 1.8-2.4 in sea bream and 1.7-2.2 in sea bass as well as in the Southern Aegean-West Mediterranean region the values found as between 1.6-2.5 for sea bass and 1.5-2.2 (kg feed/kg fish) for sea bream (22) .
The studies conducted on the same subject report that the unit costs of Seabream and Seabass range from 7.59 TL/kg and 13.20 TL/kg, and 2.34 US$ and 4.98 US$, respectively (4, 20, 7, 10, 14) .
The cost of producing Seabream and Seabass in Greece was reported to be 2.2 US$/kg, with their sale price ranging from 4 US$/kg to 4.5 US$/kg and their average unit profit being 2 US$/kg. Greece has an advantageous position in creating markets, thanks to the subsidies granted by the EU (18) .
In a study theoretically comparing the investment costs of two enterprises farming Seabream and Seabass in offshore and onshore net cages in the Mediterranean Sea, Lisac and Muir (12) found that the cost of production and the unit profit were 6.33 US$/kg and 1.69 US$/kg in the offshore enterprise and 7.77 US$/kg and 0.25 US$/kg in the onshore enterprise, respectively. They also noted that profit margin of the onshore enterprises was lower, as their variable costs were higher than that of the offshore enterprises.
Considering that a significant portion of the aquaculture enterprises in Muğla have for long specialized in the aquaculture sector, that the companies providing services to the enterprises have been concentrated in the region of production, that the products are exported to many countries, most notably EU countries, and their added value is enhanced, and taking into account the employment opportunities in the sector, the aquaculture farming has a considerable potential for socioeconomic growth. In order to be able to ensure sustainability of this potential, measures should be taken to ensure capacity growth in the small-scale enterprises and to increase profitability and productivity in the medium-and largescale enterprises.
Our study verified that, although the primary input is feed, the sector increasingly relies on foreign sources in procuring feed raw materials. The fact that the fish meal and fish oil used in fish feed are imported and the feed companies seek to take advantage of vegetable protein resources to reduce their costs affects the FCR, resulting in prolonged production time and increased cost of production due to increased need for feeding the fish.
Consequently, in the process from research and development efforts to publicity and promotional activities in the market, investing in the diversification of production of alternative non-carnivorous species similar to Seabream and Seabass, which can be produced in farms and have a lower requirement for animal protein and fat, is important for the future of the sector.
In conclusion, with the contribution of our data it is plausible to say that, in the field of aquaculture farming, it would be useful to address and explore many issues such as the ways of increasing profitability by effective use of resources, determination of middleman commissions, market interactions of fishing and aquaculture products, ways of increasing productivity, structure of consumption and demand, identification of consumer preferences, and rational production planning, and to conduct economic studies on these issues.
